Abstract. Nitrate reduotase is induced by nitrate in excised embryos and germinating intact seedlings of rice (Oryza sativa L.). The enzyme is induced 24 hr after imbibition. The rate of enzyme formation increases with the age of seedlings. There is a lag period of 30 to 40 min between the addition of substrate and the formation of nitra-te reductase. Formation of the enzyme is promoted by the presence of ammonium. Chlorampheniool, actinomycin D and cycloheximide effectively inhibit the formation of nitrate reduotase.
Nitrate reductase (NR) is an adaptive enzyme (1, 11) . It has been found or induced in various parts of different plants (2, 8, 9, 11, 12) . Mutant strains of Neurospora, Aspergillus, and Chlorella lacking NR have been reported (6, 18, 19) . Rijven (16) noted that excised and cultured emibryos of Anagallis and some Cruciferae did not or only slightly responded to nitrate (NO-8). Raghavan and Torrey (15) reported that NR was not found in Cattleya seedlings less than 60 days old, though this species could form NR and utilize NO-8 during the 'later stages of development. Procter and Syrett (14, 21, 22) found that green algae assimilated primarily ammonium nitrogen (NH+4-N) or had a much higher capacity for assimilating NHT4 than NO-8. It was reported (5, 9) that ammonia and certain amino acids acted as repressors for the synthesis of NR in Aspergillus and higher plant cells.
Rice plants are adapted to the reductive soil conditions in the flooded field. Ammonium is the main nitrogen source for a rice plant and is commonly the form of nitrogen applied as fertilizers. Bonner (3) concluded from cultural experiments that rice plants utilized NH+4 rather than NO-8. It was found later (13) that rice plants grew well in media containing NO-8 as the sole nitrogen source and molybdenum.
Nitrate reductase was reported to be found in 5-day old rice seedlings ! (24) .
In the present study, by culturing excised rice embryos under aseptic conditions, an attempt has been made to determine whether they can form NR and start to assimilate NO-8 from the beginning of germination, and whether they discriminate between NHW4-and NO-8-N in their early stage of growth.
The probable de novo nature of the induced formation of NR has also been investigated by application of inhibitors of RNA and protein synthesis.
Materials and Methods
Plant Material. Rice (Oryca sativa L.) seeds (IRE, supplied by the Faculty of Agriculture, University of Malaya) were dehulled, surface sterilized and germinated in sterilized petri dishes. After 24 hr at 290, the embryos were excised with a scalpel and 10 embryos were transferred to each 150 ml Erlenmeyer flask containing 40 ml of nutrient solution. The nutrient solution contained 15 tion period was shorter than 1 hr, the average weight of controls was used for calculating the enzymatic activity in treated samples. The material was homogenized in a medium containing 0.1 M tris, 0.01 M cysteine and 0.0003 M EDTA (pH 7.4), using a glass homogenizer immersed in ice-water.
The homogenate was made up to 4 ml with the grinding medium and centrifuged at 0OOOg for 30 min in a refrigerated centrifuge. The supernatant was used as crude enzyme extract for assay. The incubation mixture contained 2.5 ml phosphate buffer of pH 7.0, 0.5 ml of 0.1 M KNO3, 0.5 ,umole reduced NAD in 1 ml solution and 0.25 to 1.0 ml enzyme extract. Incubation was for 3 hr at 29°. When the enzymatic activity in the incubation mixture was below 25 m,mole NO-,/hr, the reaction rate was constant during this incubation period. The reaction was stopped by adding 1 ml of 1 % (w/v) sulfanilamide in 1.5 N HCI and 1 ml of 0.02 % '(w/v) N-(naphthyl) ethylene diamine hydrochloride. The absorbancy was determined at 540 m,u against its own blank (complete except for reduced NAD). Enzyme activity was shown as mumole NO-2 formed during the incubation period.
Determination of Insoluble Nitrogen Content.
Ten seedlings were soaked and boiled in 2 changes of 10 ml 70 % ethanol as described by Rijven (17 
Results
It was found in a preliminary experiment that during the first 48 hr of germination in complete medium containing NH'4 or NO-8 excised embryos did not show any appreciable increase in the total 70 % ethanol insoluble nitrogen content. To study the assimilation of NHW4 and NO-, by germinating seedlings, excised embryos were cultured in nitrogen deficient (-N) nutrient solution. At the end of 2.5 days, 1400 jug NHW4-or NO-3-N was added to the cultures. The increase in the total 70 % ethanol insoluble nitrogen content is shown in Fig. 1 . It is evident that 3.5-day old rice seedlings can assimilate NO-3, but the rate is slower than utilization of NH'4.
The formation of NR in these seedlings during the first 20 hr of induction is shown in Fig. 2 . There was an increase in the NR activity in the first hr of induction. The enzymatic activity increased steadily from the second to the twentieth hr.
Some variability was encountered in determining the lag period between the addition of NO-8 into the medium and the beginning of enzyme formation. It was noted, however, that when the enzyme was induced in intact rice seedlings and in seedlings previously grown in the media containing NH'4, the variation in enzymatic activity was less. The formation of NR during the first 3 hr of induction was thus studied in seedlings originating from excised embryos grown in a medium containing 2 mM NHW4 for 2.5 days. There was a sharp initial increase in NR activity between the 30 to 40 min after the addition of NO-8 (Fig. 3) .
To study the rate of NR formation in embryos 1 day after imbibition, 40 embryos were excised from rice seeds at 18 to 20 hr after imbibition and were transferred to complete medium containing 2 mM NHW4. Induction was started at 24 hr. Cultures used for studying enzyme induction in 2-and 3-day old seedlings consisted of 20 and 10 seedlings, respectively, which were excised and transferred to the same kind of medium at 24 hr after imbibition. The induction period was 4 hr. It was evident that NR activity could be induced in the 24-hr old seedlings, and that the rate of enzyme formation increased with the age (Fig. 4) . depleted. In another experiment, excised embryos were transferred to 40 ml complete medium containing 350 pkg NO-8-N, after 2 days, 350 pg NH+4-N was added. Fig. 6 shows that 24-hr old seedlings started to assimilate NO-8 but at a slower rate than they utilized NHW4. The assimilation of NO-8 was completely stopped by the addition of NH+4, and was resumed when the added NH+4 was used up.
The effect of NH+4 on the assimilation of NO-2 by vice seedlings was studied by growing the excised embryos in -N medium for 2 days. Then, 350 ,ug NO-2-N in 5 ml of cold-sterilized NaNO2 solution was added to the medium; 350 ug NH'4-N was added 1 day later. Fig. 7 shows that the assimilation of NO-2 was not inhifbited but was promoted by the presence of NH+4 in the medium. In this experiment, blanks consisted of complete nutrient solution containing 350 jug NO2-N at a pH of 4.8 under the same environmental conditions. No appreciable loss of NO2 from the blanks was found.
Discussion effectively suppressed by these inhibitors of protein and RNA synthesis.
The uptake by rice seedlings of NH4 and NO-X was studied by transferring 10 excised embryos into 40 ml medium containing 350 pg NH+4-N and 350 pg NO-8-N. The decrease in the amount of the 2 forms of nitrogen in the medium was followed until both were about depleted. The results (Fig. 5) showed that young rice seedlings did not assimilate NO-8-N until the NHW4 in the medium was almost Analytical grade chemicals were used throughout the experiment though some did contain trace of nitrate. The original NR activity increased in rice seedlings with their age (Fig. 4) and persisted for at least 3 days in nitrogen starved seedlings developed from excised em(bryos. Enzyme activity increased when the seedlings were grown in NH+4-media ( Fig. 2  and 3 (23) reported that NH'4 assimilation completely inhibited NO-3 assimilation but only partially inhibited the NO-, utilization of Chlorella. In the case of rice seedlings, the assimilation of NH'4 on NH-2 assimilation may be a secondary one assimilation of NH'4. The promoting effect of +, on NH-2 assimilation may be a secondary one owing to its effects on the metabolism of the seedlings as a suitable form of nitrogen nutrient.
